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The major alteration in photoaged skin is the depo-
sition of massive amounts of abnormal elastic mate-
rial, termed solar elastosis. In previous work, it has 
been shown that solar elastosis is accompanied by 
increased abundance of elastin and fibrillin mRNAs 
and upregulation of elastin promoter activity. Using 
a transgenic mouse line, which expresses the human 
elastin promoter, linked to a chloramphenicol acetyl-
transferase reporter gene, in a tissue-specific and 
developmentally regulated manner, we investigated 
the effects of ultraviolet A radiation and ultraviolet B 
radiation on human elastin promoter activity in 11ivo 
and in vitro. Irradiation of mice with a single dose of 
ultraviolet B radiation (491.4 mJ/cm2) resulted in an 
increase up to 8.5-fold in promoter activity, whereas 
T he major histopathologic alteration ofphotoaged skin is the accumulation of material tha t o n routine his~o~athologic ~xamin~tion has the staining chara~­tensocs of e lastm and 1s ·thus termed solar elastOSIS [1-8]. Immunohistochemical staining has revea led 
that the poorly form ed structures compnsmg solar elastosis are 
composed of elastin [9,10], fibriJlin [9 ,11 ,12], and versican [13] , the 
nonnal componen ts of elastic fibers [13,1 4]. A coordinate increase 
in elastin, fibrillin, and versican mRNAs has also been demon-
strated in fibroblasts derived from photodamaged skin , as compared 
to those derived from normal skin from the sam e individuals 
[12,13]. Elevated elas tin mRNA leve ls in sun-damaged skin resul t 
from enhanced e lastin promoter activity, as shown by transient 
tran sfections of fibrob lasts w ith a DNA construct composed of the 
h uman elastin promote r linked to th e chloramphenicol acetyltr:ms-
fe rase (CAT) reporter gene [12]. 
To furth er study the ro le of e lastin promoter activa tion in 
cutaneous photoaging, w e utilized a transgenic mouse line that 
expresses the human e lastin promoter/CAT construct in a tissue-
specific and developmentally regulated manner [1 5-17] . We ex-
posed the mice , as well as fibrobla st cultures derived from skin 
explants from th ese mice, to ultraviolet B radiation (UVB) and 
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a more modest increase of 1.8-fold was measured 
with ultraviolet A radiation (38.2 J/cm2). In addition, 
in vitro studies revealed over a thirtyfold increase in 
elastin promoter activity in response to ultraviolet B 
radiation (5.5 mJ/cm2), whereas no change was mea-
sured in response to ultraviolet A radiation (2.2 
j/cm2). These results confirm the role of ultraviolet B 
radiation in elastin promoter activation in photoag-
ing, and identify ultraviolet A radiation as a contrib-
uting factor. This system should serve as a useful i11 
vivo and in vitro model to study cutaneous photoag-
ing, and for testing compounds that may protect 
against cutaneous photodamage. Key wot·ds: agi11gl 
solar/moltselelastosis.] Invest D erma.to/105:269-273, 1995 
UVA. O ur results show that a large increase in elastin pro m oter 
activity results from irradiation with UV13 both i11 vivo and i11 11itro, 
whereas a more modest increase occurs in response to UV A i11 vi11o 
without a corresponding in 11itro response. 
W e showed a dose-response re lationship for elastin-promoter 
activity in UV13-treated mice after only a single exposure to UVB . 
Other i11 11 i11o models of photoaging require numerous treatments 
over a m uch longer period of time to demonstrate a measurable 
e ffect. Sams eta/ [1 8] first experimentally produced elastosis in mice 
using very large an1ounts ofVV. One group of mice received 1,040 
human minim al erythema doses (MEDs) over 3 months from a 
bank of fluorescent tubes , whereas an other group received 13,000 
MEDs given over 52 weeks in 260 treatments. Since tlus initial 
report, others have used murine models of cutaneous photoaging to 
m easure the production of dermal elastosis [1 9- 30]. T he number of 
VV exposures used to produce elastosis ranges from 36 to 260 
given over 13 to 62 weeks [1 8 -30]. Our transgenic mouse mode l 
also yields quantitative data. W ith the exception of Kligman and 
Sayre, w ho used a.n image analys is system to quanti fY elastos is [29], 
all others evaluated the degree of dermal e lastosis subjectively 
[18 - 28,30]. 
MATERJALS AND METHODS 
Transgenic Mice Expressing the Human Elastin Promoter We 
utilized a homozygous line of tra nsgenic mice expr!"ssing the 5.2-kb human 
e las tin promoter linked to a CAT reporter gene [1 5]. These mice express 
th e htnnan e lasti n pro m oter in a t issue - specific and d cve lo pn1cntally 
regula ted manner [1 5-17) . Four- or five- da y-o ld mice were used, because 
at tlus age visible hair growth is not yet present. 
0022-202X/ 95/$09.50 • SSDI0022-202X(95)00249- K • Copyright © 1995 by T he Society for Investigative Dermatology, Inc. 
269 
270 BERNSTEIN ET A L 
~ibroblast Cultures Fib rob last cultures w e re established from the skin 
of transgenic mice by cxplanting ti ssue specimens onto the tissue- culture 
plastic di shes and allowing cells to 1nigrate to the surro und ing area. T he 
p rimary cu ltures were ma inta ined in Dulbecco's modified Eagle's (DME) 
medium supplem ented with 1 0% fe tal bovine serum , 2 mM L-glutamine , 
a nd antib iotics at 3 7°C. The primary ce ll cul tures were passaged by 
t rypsini zation, and the subcultures in passages 2 or 3 were utili zed for 
radiation experim ents. After exposure to UV, the cell s were incuba ted in 
DME m ed ium supplemen ted with 1 O'X> fetal bovine serum for 24 h , and 
then harvested for determination of C AT activ ity as described below. 
CAT Assay To measure the express ion of the human elastin promoter/ 
CAT reporter gene construct, C AT activity was determined in the skin of 
t ran sgenic mice and in fibrob last cul tures es tab lished from these anima ls. 
For extractio n o f the C AT prote in , th e specim ens we re ho mogenized in 
0.25 M Tris-HCl, pH 7 .5, using a tiss ue homogenize r (Brinkma nn In stru-
m ents, Inc., Westbury, NY). T he hom ogena tes were cent1i fuged at 10,000 
X g for 1 5 min at 4°C, and the protein concen tratio n in the supernatant was 
determined by a commercial protein assay kit (Bio-Rad Laborat01ies , 
Richmond, CA). Aliquots of the supernatant containing 100 J.Lg of prote in 
w ere used for assay of CAT activity by incubatio n with (1'1C ]chlorampheni-
col as a substrate, as described elsewhere (15-17 ,31-33]. T he acetylated and 
non-acetylated forms of radioactive chloramphen.i col w ere separated b y 
thin- laye r chromatography, and C AT activity was determined b y the 
radioacti vi ty in the acetyl a ted forms as a percent o f the tota l radioactivi ty in 
each sample . 
UV Sources UVB was supp lied b y a closely spa.:ed array of seven 
Westin gho use PS- 40 sunlamps , which delivered uniform irrad iation at a 
di stance of 38 em. Irradiation w ith UVA was performed using seven 
Sylvania PR_40T12 PUVA lamps in the above-mentioned array, fi ltered 
thro ugh window glass o.f 2 mm thickness to rem ove wavelengths be low 320 
nm [34]. T he energy ou tput at 38 em was m easured with a Solar Light 
model 3D UVA and UVD detector (So lar L ight Company, Philade lphia , 
PA) . T he o utpu t of FS-40 sunlam ps was 23 .4 units/h of UVB at 38 em , 
where each unit is equi va lent to 21 m.J/ cm2 of erythema e lfective energy 
[3 5]. T he o utput for the UVA lam ps fi ltered through w indow glass was 2 .02 
mW/cm 2 , with no detectable UVB. 
Irradiation M.i ce were placed under the cente r of the light arra y and 
restrained w ith ad hesive tape, exposing their dorsal surf:tces to UV at a 
distance o f 38 em fro m the fluorescent tubes . Unirrad iated control m ice 
"''ere restra ined in a sin1 il ar n1an ner. For each cxperin1 cn t. on ly nti cc fro n1 
the same litter were used . At leas t two mice we re used fo r each dose or time 
point in each separate cxpcri.t11 e nt. 
To detc rn1inc th e ti1nc of nutxiina l pron1o ter activation after irradiatio n, 
and the duratio n of elevated promoter activity fo llowing UV exposure, 
m ice were irradiated with 245.7 mj /cm 2 of UVB , o r 38 .2 Jl cm 2 of UVA 
and skin harvested for determination of CAT activity over the next 72 to 96 
h . Control mice were sacrificed at the first time po int (1 2 h). To measure 
the earliest response of C AT activity to UVB, an experiment was pe rformed 
harvesting skin ·1, 2, 3, and 6 h after UV13 exposure. Because previous work 
has shown tha t endogenous C AT activ ity decreases in mice of increasing age 
p SJ, a study measuring endogeno us CAT activ ity in skin as a fun ction of 
age was also pe rfonncd. U nirradiated mice were harvested da il y from 5 to 
9 d after birth. To deterrninc the dose-response rela tionshi p of elastin 
promoter activity in response to UVB and UVA, doses of30.7, 122.8, :md 
491 .4 mj /cm2 o f UV13 were administered ov<:r 0 .06, 0.25, and 1 h , 
respective ly , whe reas UVA was administered in doses of 9.5 and 38.2 J /cm2 
requiring exposure times of 1 .3 and 5.2 ho urs, respective ly. CAT activity 
was determined 24 h after irradiatio n . 
1=ibroblas t cultures as described above were exposed furs: 10, 20 , 40. and 
80 seconds o fUVB corresponding to do ses o f0.7, 1. 4, 2.7. 5.5. and '10.9 
mj /cnl' , respective ly. C ul tures were exposed to UVA for 2.3, 4.6, 9 .2, and 
18.4 min correspo nding to doses of0 .3, 0.6, 1.1, and 2.2 j /cm 2 • To preve nt 
light absorption by tissue-cultu re m edium , cu lture medium was rem oved 
just prior to irradiation and rep laced with a thin layer of pbosph:t te-bufl:'ered 
saline sull:icicnt to cover the ce lls. C o n tro l unirradia tcd cells w ere also 
placed in phosphate-buffered s;J!ine . T issue-cul ture medium was replaced in 
all dishes immediately afte r the last li ght dose was ad ministered. O nly 
fibro b lasts fro n1 n1icc represen ting the sa rne l.itter were. used for an y given 
experiment, and utilized in passages 2-3. Two dishes of cells were used for 
each time point. C AT activ ities we re subj ec ted to a t test ana lys is (Stat-
W orks, C ri cket Software, Inc . , Phi ladelphia, PA). 
RESULTS 
A Single Exposure ofUV Elevates CAT Activity for at Least 
48 h E las tin-promoter ac tiv ity, as m easu red by CAT assay, was 
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control 12 hr 24 hr 48 hr 72 hr + 
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% of 6.3 18. 2 28.8 13 .8 11 .0 1 .9 acetylation 
Relative 1 .0 2 .9 4.6 2.2 1.8 0 . 3 
activity 
Figu re 1. A single dose of UVB increases CAT activity for 72 h. 
Irradiation of tra nsgenic mice conta ining the human e lastin promoter/CAT 
construct with a single dose of24 5.7 mJ/cm 2 o fUVB adm.i ni stered over 30 
min increased C AT activity fo r 72 h fo llo w ing UVB exposure . T he fa l.l in 
CAT activ ity 96 h after irradia tion to 30% of contro ls reflects the f:.tH in 
endogenous C AT activity over time. Controls we re harvested 12 h after 
UVH exposure. 
maximal 24 h after UVB expos ure , w ith a 4.6- fo ld in c rease ov e r 
controls (Fig 1). CAT ac tiv ity re m ai11ed e levated 72 h after 
irrad iation at nearly two tim es the contro l leve ls. B y 96 h, t h e 
activity fe ll below o n e thi rd tha t of contro ls. After administration of 
UV A, CAT activity was m axima l 1 2-24 h after li g ht e x posure, 
d e monstra ting a m o re m o dest inc rease of less than twice th at of 
controls (Fig 2). T his in c rease p e r sisted un t il 48 h afte r UV A 
exposure. By 72 h afte r UV A exposure, C AT ac tivity aga in fell to 
o n e third that of controls . To d e te r m ine the earlies t inc rea se in 
CAT activ ity foll owin g administratio n of UVB, transgen ic mice 
expressin g t h e hum<m e las tin promoter/CAT re porter gen e con-
stru c t w e re exposed to a sing le dose of UVB (245 .7 mj/c m 2 ) , and 
pai rs of mice were harves ted . Relative CAT ac ti v ity was 1.0 
immedia te ly (0 h) a fte r UVB e xposure, 1.2 afte r 1 h , 1.7 after 2 h , 
2.5 after 3 h , and 2.6 after 6 h . 
Endogenous CAT activity was determin ed as a fun c tion of mouse 
age to e xpla in th e d ecrease in CAT ac tivity b e low control le vels, 
measure d 72 and 96 h afte r irradiatio n in time-course expe rime nts 
(Figs 1 and 2). Relative CAT ac tiv ity was 1.0 for c o n trols 
harvested at 5 d o ld , and 0.49 for 7-day-old, 0.36 for 8 -day-old, 
and 0 .3 5 for 9 -day-old mice fro m th e same htter. 
B ecause CAT activi ty decreases in t h ese mice as a fu n ctio n o f 
age, time - co urse experiments unde restimate d re lative CAT activ ity 
for later t ime poin ts . If th e dec rease in e ndogen o u s CAT ac ti v ity is 
• e ® 
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L_j 
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%of 8 .0 14. 1 acetylation 
Relative 1.0 1.8 activity 
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® • 
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48 hr 
10.2 
1 .3 
• ® 
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72 hr + 
control 
2.7 
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Figut·e 2. A single dose of UV A increases CAT activity for 48 h. 
Irradiatio n of mice with n sing le dose o f 38.2 j /cm2 of UVA ad ministered 
ove r 5.2 h resul ted in a n1 orc n1 odcst in crease in C AT activity than ,,vas 
measured after UVB . Increased C AT activit-y persisted for 48 h , returning to 
basel ine levels 72 h afte r irradiation. 
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F igure 3. UVD induces greater increases in elastin-promoter activity tha.n UVA. a, C AT activity res ponds in a dose-dependent man ner to UV13 
in mice. Single doses o f 30.7, 122 .8, and 491.4 mj/cm2 of UV13 administered over 3. 75 , 15, and 60 min , respectively, resul ted in increasing CAT activities 
up to 8.5- fo ld that o funirradiated contro l mice (0) . The lowest dose given corresponds to approximate ly 1.5 human ME Ds ofUV.B . b, C utaneous fibrob lasts 
d eri ved fro m transgenic mice were exquisitely sensitive to UV13. w ith maximal promoter acti vation more than thirtyfold higher than nnirradiated conrro ls 
(0) afte r a single dose of onl y 5.5 mj /cm2 • c, CAT activity increases in response to UVA i11 vir}(). Single doses of 9.5 and 38.2 j /cm 2 of VV A administered 
over 1.3 and 5.2 h , respectively, increased CAT acti vity less than tvvofo ld over un.irradiatcd con tro ls {0). T his diffe rence approached statistical sign ifi cance 
(p = 0.07). T he smallest dose given represents approximate ly one- fo urth of a human ME D for UVA. d, UVA irrad iation fai ls to increase C AT activity ;, 
vitro. Altho ugh substanti ;~l doses o f UV A were administered over as long as 18.4 min (2.2 j/cm2) , CAT activity of fibroblast cultures was virtually unchanged , as 
compared to un in·adiated controls (0) . T he f:tilure ofUV A to increase promoter activity ;, vitm, despite achieving almost twofo ld increases ;, ,;'"'· suggest~ that the 
p rimary target for UV A-induced elastin promoter activation is a cell other than the dem1al fibroblast. T hus, the mechanism for elastin-promoter activation by UV A 
diifers quali tatively from char of VV13. Bnrs indicate mean :!: SO. Stati stical significan ce is indicated above bnr:< (*p < 0.05; **p < 0.01: ***p < 0.001). 
c o n side red , C AT activity remaine d at , or n e ar, maximal le vels until 
7 2 h a fte r ligh t exposure for UVB-trea te d mice, and until 4 8 h in 
UV A-trea te d mice. 
Incre asing Amounts of UVB Result in a Dose-Dependent 
Increase in CAT Activity T o d etermine if th e pro mote r e le va-
tion in resp o nse to UVB and UV A is d ose d e pe nde nt, increas ing 
doses of UV w e re administe red . CAT activ ity increased in respon se 
to UVB up to 8.5-fold g rea te r th an contro ls (Fig 3a). Tn resp o n se 
to UV A , a m o re m o d es t inc re ase inCA T ac ti v ity was o b se rve d (Fig 
3c). 
To d etermine th e effect of UV o n CAT ac ti v ity i11 11itro, ea rl y-
passage fib roblasts d e rived from skin explan ts w e re irradiated w ith 
d oses o f UVB ran g ing from 0 .7 to 1 0 .9 mj / cm 2 , w ith th e hig h e st 
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Figure 4. A small single dose o f UVB radiation causes large 
increases in CAT a c t ivity i11 vitro. Fibro blasts established from the skin 
of transgenic mice responded in a dose-dependent manner to small doses of 
UVB. One fo urth of a human MED, administered over 40 seconds in a 
single dose, increased elastin-promoter activity more than thirtyfold. These 
data suggest that elastin promoter activation by UVB results, at least in part, 
from direct effects on dermal fibroblasts and is independent of an inflam-
matory response. 
doses resulting in more than a thirtyfold increase in CAT activity 
(Figs 3(, and 4) . Promoter activity, as measured by CAT assay, 
reached a plateau at a dose of 5.5 mj/cm 2 . CAT activity remained 
elevated at abou t thirtyfold with increasing UVB doses, eventuaUy 
resulting in a decrease in CAT activity, reflecting ceU death (data 
not shown). We were unable to demonstrate in creased CAT 
activ ity i11 11itro with UVA doses of up to 2 .2 j /cm2 (Fig 3d). Longer 
treatment times resulted in ceU death, possibly due to m ain tainin g 
cells in phosphate-buffered saline during irradiation. 
DISCUSSION 
Our results demonstrate th at both UV A and UVB activate the 
human elastin promoter in transgenic n1.ice. Previous work has 
shown that elastin-promoter activation results in increased elastin 
mlWAs, leading to accum ulation of numero us elastic fibers with 
altered morphology in the superficial and mid dermis of sun-
damaged skin [12]. Deposition of abnormal elastic fibers is the 
major histopathologic alteration in the dermis of chronically sun-
damaged skin [9-12]. T hese ultrastructural changes are accompa-
n ied by morphologic and functional alterations in sun-exposed skin 
(2-4]. Therefore, elastin-promoter activation represents one of the 
primary events leading to the accumulation of abnorm al elastic 
fibers in the dermis of sun-damaged skin. 
The transgenic mouse model used in this study permits the 
investigation of human elastin-promoter . activi ty in response to 
administration of UV both in lliJJo and i11 JJilm. Previous studies 
investigating the effect of UV on photoaging in animnhnodels have 
measured elastic fiber damage and solar elastosis [18-30] , or skin 
wrinkling and sagging [26,27]. By utilizing the human elastin 
promoter in the transgenic m ouse model used in the current study, 
we may be able to more accurately reflect the human response to 
UV. However, the in vivo studies still reflect the thinness of mouse 
skin in comparison to humans, as well as the potential differences 
between the murine and hum an inflammatory responses to UV. 
Fibroblast cultures derived from skin explants of transgenic mice 
were exquisitely sensitive to UVB. As little as 0.07 human MEDs 
administered in 10 seconds resulted in more than a twofold increase 
in elastin-promoter activity, and promoter activity reached a max-
imum of m o re than thirtyfold that of unirradiated controls in 
response to approxim ately one fourth an MED delivered over 40 
seconds . T his demonstrates that inflammatory cells are not neces-
sary for elastin-promoter activation by UVB, and suggests that a 
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direct effect of UVB on dermal fibroblasts is in large part respon-
sible for elastin-promoter activation. 
Although UVB is well known to cause solar elastosis, the 
contribution of UV A to photoagi.ng is becomin g apparent. Expo-
sure of the dermis to large amounts of UV A is likely due to the 
deeper penetration of UV A versus UVB in human skin [36] , the 
larger pe rcentage of incident UV A as compared to UVB that 
penetrates the Caucasian epidermis (3 6,37] , and the far greater 
amount of UV A reaching the Earth' s surface [38] . Others have 
shown that UV A is capable of producing elastosis in mice 
[20,27 ,29], altho ugh 15 [27] to 19 [29] times more UVA energy is 
required as compared to UVB. Suberythem al doses of UV A 
administered to humans result in lysozyme de position o n elastic 
fibers [3 9). Lysozyme has been fotmd in associatio n with damaged 
elastic fibers in aged and photoaged skin, and the intensity of 
staining correlates with the degree of sun damage [1 0,39 -41] . In 
the current study we showed a 60% increase in CAT activity with 
abo ut one fo urth of a hum an MED [39] ofUV A. Although we were 
able to demonstrate much larger increases in CAT activity with 
UVB, the contribution of UV A to enhancing elasti11-promoter 
activity in humans needs to be considered in the context of the 
potentially large amounts of UV A reaching the dermis. 
In contrast to the in vitro enhancement of CAT activity in 
respo nse to UVB, irradiation of cells with large amounts of UV A 
failed to demonstrate an increase in promoter activity. T hese results 
suggest that other cells, such as resident m ast ceUs, inflamm atory 
cells, or keratinocytes e laborating cytokin es, m ay play a role in 
regulating the response of the human elastin promoter to UV A. 
Lavker et a/ [39] showed that a substantial dermal inflammatory cell 
infiltrate appears in response to a single dose of2.0 M EDs ofUV A 
in humans. ln addition , repetitive exposure to 0.5 MEDs of UV A 
resulted in an increased inflammatory response, whereas 0.5 MED 
of solar simulated radiation did not [3 9] . Thus, there is evidence 
dem onstrating the ability of UV A to induce dermal inflammation in 
humans, and this increase in cellul arity in response to UV A may 
explain the increased CAT activity measured in response to UV A in 
1i11o, but not i11 vitro, in o ur current study . 
Tim e-course experiments reveal that a single dose of UV results 
in e lastin-promoter activation that persists for 48 h after adminis-
tration of UV A, and for 72 h after UVB . Others have shown that 
the administration of repeated doses of UV A o r UVB result in 
cumula tive effects, altering the threshold for development of 
erythema or pigmentatio n by subsequent doses, possibly for a 
number of days [42,43]. Kaidbey and Kligman concluded that 48 h 
was necessary to repair damage from a single eJ\:posure to 0.5 or 
m ore MED of UVB, and that longer times are required to repair 
damage resulting from UV A [ 42]. Other investigators found the 
time necessary to recover from a single dose of UV A to be between 
30 and 48 h , w hereas for UVB between 24 and 30 h was required 
[ 44 ]. Persistence of elastin-promoter activation after only a single 
dose of UV A or UVB suggests that repeated exposures to UV are 
superimposed on the e ffect of earlier UV exposures, resulting in 
cumulative damage to the dermis. 
T his persistence in e levated promoter activ ity for a number of 
days following a single exposure to UV is not unique to the elastin 
gene. interstitial collagenase gene expression has been shown to be 
induced by UV, reaching a maximum 24 h after UV exposure with 
induction persisting for 96 h after exposure to ultraviolet C 
radiation [ 44]. Transcriptional activation of the human collagenase 
gen e takes place on exposure to UV, and is m ediated by an 
enhancer elemen t that has been show n to bind a heterodime r ofjw1 
and fos (AP-1) [ 45] . The persistent elevation in collagenase pro-
moter activity is m ediated by syn thesis of AP-1, whereas early 
promoter activation 30 min after exposure to UV was independent 
of protein synthesis [45] . In our current study we demonstrate quite 
rapid elastin promoter activation in 11ivo (1- 2 h) following exposure 
to UV. Rapid response to stimuli such as UV is often carried out by 
primary response genes in which transcriptional induction does not 
require de PI OIIO protein synthesis, but instead results from activation 
of existin g proteins [45] . 
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DNA absorbs UV, and forms DNA photoproducts as a result of 
covalent changes in DNA [ 45-50). Formation of photoproducts 
results in activa tion of early response genes [45] . UV activation of 
early response genes such as proto-oncogenes would explain the 
time course of elas tin-promoter activation demonstrated in our 
current study. In addition, because the action spectrwn for pyrim-
idine dimer formation is maximal in the UVB range and decreases 
precipitously at longer wavelengths [ 48,49], a mechanism for 
e las tin-promoter activation in response to UV A other than the 
direct formation ofphotoproducts in DNA is likely. T he interaction 
of UV A with a primary target other than dermal fibroblasts would 
explain w hy elastin-promoter activation occurred ill vi11o, but not ill 
11itro, after administration of UV A in our current study . 
The transgenic mouse model described in tlus study provides a 
rapid , quantitative m eans of m easuring human elastin-promoter 
activity in response to single doses of UV. Enhanced CAT activity 
was demonstrated in response to both UV A and UVB. Further, the 
ability to study the e ffects of UV both ill 11ivo and in vitro enables 
further inves tigation of the mechanisms responsible for elastin-
promoter activation by UV. In addition, this model provides a tool 
for the rapid evaluation of sunscreens and other compounds 
thought to alter the e ffects of solar radiation. 
We clw11k Dr. Riclwrd B. Set/ow fo r ilis critical review of tit is mnllllscript. Tllis •vork 
was s11pp011ed ;, pm1 by USPHS, N IH Grmtts R01-AR28450 a11d T32-
AR 7561. Dr. Bem stei11 is a recipie111 of a Cli~ticnl Career D evelop111e111 A tvardjim ll 
the Dc'l'tllafo loc~Y Fo 1111datio11 . 
REFERENCES 
1. Montagna W , Ki rchner S, Ca rlisle K: Hisrolob'Y of sun-damaged skin.) Am Acad 
Dmtwtol 21 :907-9 18. '1989 
2. Kl.igman Ll-1 : Ski n changes in photoaging: charnctcristlcs, preventio n and repair. 
In: Ba lin A. Kl igman A (cds.). Agi11g tmd til e Skitt . Raven Press. N ew York. 
1989, pp 331-346 
3. Taylo r CR. Stern RS. Leyden JJ , Gilchrest BA: Photoaging/photodamage and 
photoprotection. J A m Acad Dcrmatol 22: 1-15, 1990 
4 . Warren I\., Gartstcin V. Kligman AM, Monto1gna W, AUcndo rfR.A , Ridder GM : 
Age , sunlight, and f.,c ial skin: a histologic nnd quantitative study.) Am Acad 
Dcnllato/25:75 1-760, 199 1 
5. Frances C. R ..obcrt L: Elastin and clastic fibers in normal and patho logic skin. lut 
j Dem111tol 23:166-179. 1984 
6. Kligman AM : Early destructive effects of sunlight on human skin .J Am t\1/ed Assoc 
210:2377- 2380. 1969 
7. Gilchrest BA: Sk in aging and photoaging: an overview. J A m Acad Den11 atol 
21:6 10-613. 1989 
8. Mjrchc ll 1\..E: Chronic solar dermatosis: a light and electron microscopic study of 
the dermis. j illl•csl Dermott>/ 43:203-230 . . 1967 
9. Chen VL, Flc ischmajer R , Schwartz E, Pali <l M. T irnpl ll: lmnum ochcmistry of 
clastotic material in sun-da maged skin.] '""est Dermato/ 87:334-337, 1986 
10. Mera SL, Lovell CR.. jones R.R., DaviesJD: Elastic fib res in nonna.l and sun-damaged 
skin : an inuntuJOhistochemicaJ sn1dy. Brj Dermnw/11 7:2 1-27. 1987 
11. Dahl back K, Ljungquist A, Lofberg H, Dahlback B. Engvall E. Sakai Y: Fibrillln 
immunoreactive fibers constitute a unique network in the hum an dcn11is: 
immunohistocltcmical comparison of the distributions of fibrillin , vi tro nectin, 
amyloid P component and orcein stainable structures in normal skin and 
elastosis. J ill l'r.st Dcmratol 94 :284-29 1, 1990 
12. Bernstein EF, C hen YQ, Tamai K. Shepley KJ. Resnik KS, Zhang H. Tuan R.. 
Mauvicl A, U itto J: Enhanced elastin and fibrillin gene expression in duoni-
ca ll y photodamaged ski n. ] lowest Dcrmow/103:182-186, 1994 
13. Ben1stcin EF, Pisher LW , Li K, LeBaron R..G. Tan E. Uitto J: Ditfcrcntial 
expression of lhc vcrsican and dccorin genes in photoaged and sun-protected 
skin. Lnb lll l'est 72 :662- 669, 1995 
14. Z in1.mcrmann DR. Dours-Zimmcrmann MT, Schubert M, Bruckner-Tuderman 
L: Vcrsican is expressed in the proliferating zone in the epidermis and in 
associatio n with the elastic network of the dermis.] Cell Bie~/124:817-25, 1994 
15. Hsu-Wong S, Karchman SO. Lcdo I, W u M. KJ till anJ , Bashir MM . Rosenbloom 
J, UittoJ: Tissue-specific and developmentally regulated expression of human 
elastin promoter activity in transgenic mice. j lJie~ l Chem 269: 18072-1 8075 . 
1994 
16. Ledo I, Wu M. Katchman S, Brown D, Kennedy S. Hsu-Wong S, Uitto J: 
Glucocorticostcroids up-regu late human e lastin gene promoter activity in 
tnm sgenic mice. J lrwest Dcmtato/ I 03:632-636, 1994 
17. R.citamo S, R.emitz A, Tamai K. Ledo I, Uitto J: lntcrleukin 10 up-regulates 
e lastin gene expression ;, 11il1o and ;, 11itro at the transcriptional level. Bioclwm 
J 302:33 1-333 . 1994 
18. Sams WMJr, SmithJG, Burk PG: The experim ental production of elastosis with 
ul travio let light. j ill l'cst Demrawl 43:467- 47 1, 1964 
ELASTIN PR.OMOTER. MODULATIO N BY UV 273 
19 . Nakamura K. Jo hnson WC: Ultraviolet light induced connective tissue changes 
in rat skin: a histopathologic and histochemical study. J lr111cst Dermawl 
51:253-258. 1968 
20. Berger H, Tsambaos D, Kaase H : Experimentelle akti.nischc Elastase durch 
cltron.ische Exposition mit gcfi ltertcr UVA-Straltlung. Z Hawkr 55: 1510-
1527. 1980 
2 1. Berger H . Tsambaos D, Mahrle G: Experimental elastosis induced by chronic 
ultraviolet exposure . Arch Dcnuawl Res 269:39-49, 1980 
22. Kligman LH: Intensification of ul traviolet-ind uced dennal damage by infrared 
radiation. Aor.h Dt'rmatol R es 272 :229-238, 1982 
23. Kligman LH, Akin r:J, Kligman AM: Preventio n of ultravio let damage to the 
dermis of hairless mice by sunscreens. ] lowest Denuatol 78: 181-1 89, 1982 
24. Poulsen JT, Sea berg B, W ulf HC. Brodthagen J-1: Dermal elastosis in hairless 
mice after UV-B and UV-A applied simultaneously, separately or sequentially. 
Br j Denuatol 11 0:53 .1 -538, 1984 
25. Kligman LH. Akin FJ , Kligman AM: T he con trib utions ofUVA and UVB to 
connective tissue darnage in hairless rnicc. J lH vcst Dcn11 ntol 84:272-276. 1985 
26. Bissett DL, Haomon DP, Orr TV: An animal model of solar-aged skin: 
histological, physical and visible changes in UV-irradiatcd hairless mouse skin . 
Plwwcltcm Plwtobio/ 46:367- 376. 1987 
27. Bissett DL. Hannon DP, Orr TV: Wavelength dependence of histological. 
physica_l and visible changes in chronically UV-irradiated hairless mouse skin. 
Photocloem Photobie~l 50:763-769, 1989 
28. Wulf HD, Poulsen T . Da,~es R.E, Urbach F: Narrow-band UV radiation and 
induction of dermal e lastosis and skin cancer. Plwtodenuntolo,(!y 6:44-5 1. 1989 
29. Kligman LH, Sayre H .. M : An action spectrum for ultraviolet induced e lastos.is in 
hairless mice: quantification of elastosis by image analysis. Jlhotochem Plwtobiol 
53:237-242, 1991 
30. Kochcva.r IE, Moran M, Granstcin Jill : Experimental photoaging in C3H / I-IcN, 
3 1-1 / HeJ, and Balb/c mice: comparison of changes in extracclluJar marrb: 
components and mast cell numbers. J lt~ IIC.f t Dermato/103:797-800. 1994 
31. Fazio MJ. Kiihari V-M. Bashir MM. Saitta 0 , R.oscnbloomJ. Uittoj: R.egulation 
of e.lasrin gene expression: evidence for functional promoter activity in the 
5'-Aanking region of the gene. ] /on>est Dcnuoto/ 94:19 1- 196. 1990 
32 . Gorman CM, Moff.,t LF, Howard BJ-1 : Recombinant gcnomcs w hich express 
chloramphenicol acctyltransferase in m:unma_lian cells. Mol Cell Bioi 2:1044-
105 1, 1982 
33. Sambrook J, Fritsch EF. Maniatis T: A1ole.cular C lmtittg: A Lnlmrntor)' A11atmal, 2m/ 
cd. Cold Spring H arbor Laboratory, Cold Spring Harbor. New York. 1989. pp 
16.59-16.62 
34. Staberg B. Wulf HC. Klemp P, Poulsen T. Brodthagcn 1-l : The carcinogeuic 
clfcct of UVA irradia tion. ] lm•cst Dermoto/ 81:5 17-519. 1983 
35. McKinlay AF, DiffCy PL: Human expos ure to ultraviolet radiation. In: Passchicr 
WF, Bosnj:tkovic BFM (eds .). J-luma11 E.\·posurc to Ultrm,io/cJ Radiatitm. Exccrpta 
Medica. Amsterdam . I 987, pp 83-88 
36 . Dachem A. Reed CI: The penetration of ultraviolet light throughout the human 
skin. A rch Plo)'sical ThcrOJ1)' II :4 9-56, 1930 
37. Daniels F Jr: Optics of the skh1 as related to ultraviolet radiation. l_n: U rbach F 
(cd .) . The Biolo .. r:ic Ejfi:cts of UltrallicJII!f R11diation (with Emphasis 0 11 the Skiu). 
Pergamon Press, Oxford, 1969 , pp 151-163 
38. Schulze R. Grafe K: Consideration of sl--y ultraviole t radiation in the measure-
ment of solar u_ltraviolct radiation. In : Urbach F (ed.). The Biolosir E.ffecls of 
Ultrnl,iolct Rndiatiou (with Emphasis ou tiiC Skiu). Pergamon Press. Oxford. 1969. 
pp 359-373 
39. Lavker RM, Gerberick GF, Veres D. Irwin Cj. Kaidbey KH: C umulative elfcc ts 
from repeated exposures to suberythemal doses of UVB and UV A in human 
skin . ] A m Acatl Dermatol 32:53-62. 1995 
40. j ordan RCK, Kahn HJ . From L, Jambrosic j: lmmunohistochcmica_l demonstra-
tion of actinically damaged clastic fibers in keratoacanthomas: an a_id in 
diagnosis. J C uta11 Pntlwl 18:81-86. 1991 
4 l. Albrecht S, From L, Kahn HJ: Lysozytnc in abnormal dcnna l c lastic fi bers of 
cutaneous aging, solar elastosis. and pscudox;.mthoma clasticum.J Cutau Patl1ol 
18:75-80, 1991 
42. J(;i_idbcy KH. Kljgman AM: Cumulative effects front repeated exposures to 
ul traviolet radiation. J lo west Den11 ato/ 76:352-355 . 198 1 
43 . ParrishJ A. Zaynoun S, Anderson JUl..: Cumulative elfects of repeated subthresh-
old doses of ultraviolet radiation . ) fm,est Dcmrmo/76:356 - 358. l 9St 
44. I:U mo ldi D , Flcssarc OM , Samid 0: Changes in gene expression by I ?3- and 
248-nm ex:imcr laser rndiation in cul tured human fibroblasts. Radint Res 
13'1 :325- 331. 1992 
45. Stein B. R ahmsdorf HJ . Stelfcn A. Litfin M. Hcrrlicb P: UV-ind uccd DNA 
damage is an intermediate step in UV-induccd expression of human immuno-
deficiency virus type 1. collagenase, c:fos. and meta_llothioncin. AiJ(J / Cd/ BitJI 
9:5 169-5 18 1. 1989 
46. Se tlow R.B. Carrier WL: The disappearance of thymine dimers from DNA: an 
error-correcti ng mechanism. Proc Nt~tl Acml Sri USA 51:226-23 1. t 964 
47. Cooke A, Johnson BE: Dose response, action spcctnun and rate of excision of 
ultraviolet radiation-induced thym.ine dimers in mouse skin DNA. Jliorllim 
Bioph)'s Acta 5 17:24-30. 1978 
48 . Sctlow R.D : Cyclobutanc-typc pyrimidine dim ers in polyn ucleotides. Scicllrt' 
153:379-386. 1966 
49. Ley R.D. Peak MJ. Lyon LL: Induction of pyrimidine dimcrs in epirlerma_l DNA 
of hairless mice by UVB: an action spectrum.] loll'est Dmllnto/80:188-19 1, 1983 
50. Doniger J. Jacobson ED, Kre ll K. DiPaolo JA : Ultraviolet light action spectra for 
neoplastic transfonnation and lethali ty of Syrian hamster embryo ceUs correlate 
with spectrum for pyrimidine dimcr formation in cellular DNA. Jlmc Nat! Acad 
Sci USA 78:2378-2382, 1981 
